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A. SOME

BIODYN-80 is a versatile computational tool used to determine trants-

missibilities (transfer functions) between vertical and/or fore-aft

vibrational Inputs and important biodynamic outputs, such as motions of

the torso, head, eyes, arms or hands. The program scenario assumes a

seated pilot, gripping an arbitrary-angle stick and viewing a display,

possibly engaged in a tracking task. The physical model uses an "iso-

morphic," (lumped parameter,) approach to represent the relevant por-

tions of the whole-body torso, limbs and head, as well as postural

compliances among the joints. The implementation of this model includes

a chain of interacting parallel and serial second-order elements, with

neuromuscular and other force feedbacks at the arm or head. The result-

ing equations are in "second-order element" matrix form and apply to a

wide range of seated postures. A separate input file, which describes

the particular set of parameters to be used, Is created by the user

(usually by modifying one of a cataloged set). This file is Incorpor-

ated in the matrix to produce linearized coefficients for perturbations

about the selected equilibrium posture. A variety of outputs and inputs

can be specified to evaluate the desired transmissibility transfer func-

tions, and these are written to a file in formatted form for plotting or

use in other programs. On-line, printer-drawn frequency response plots

(Bode format) are available to aid in interactive user-computer opera-

tions, or to screen significant results from batch runs.

S. UAK.RUND

BIODYN-80 is one result of a several year small-scale development

effort, reported in detail in References 1-6. It is based on vibration

-- - - 4-



measurements made at the Aerospace Medical Research Lab/Biodynamics

Division (AMRL/BB) and elsewhere. Most of the torso, limb and stick

model elements are based on independent vibration measurements (e.g.,

Reference 5), and the neck, head and eye effects show promising corre-

lations with the few available measurements on image motion effects

(Reference 6). However, many aspects remain to be explored, validated

or upgraded as more experiments are run and interpreted via BIODYN-80.

C. APrLICAIOwS

The possible applications of this program are many. It should be

used in the early stages of experimental design for determining the

optimal locations for vibration measurements and/or selection of fre-

quencies. It can also be used by development engineers for solving

practical pilot-vehicle interface design problems such as pilot-induced

oscillations and for optimizing design alternatives such as seat loca-

tion, orientation and suspension parameters. Flight control system

designers can make use of BIODYN-80 output in optimizing vehicle/ air-

crew ride qualities and visual performance effects, possibly incorporat-

ing anti-vibration devices to improve the design.

One further application of BIODYN-80 deserves special mention. Its

vibration-input to biodynamic parameter-output transfer functions are

ideally suited as input to PIVIB, arother software package which relates

pilot tracking performance to the vibration environment (Reference 7).

PIVIB accepts biomechanical transfer functions in the format created by

BIODYN-80. The details of the BIODYN-8O/PIVIB interface will be found

in a later section.

The remainder of this report details the use of BIODYN-80, and des-

cribes the model and the equations comprising it. Detailed instructions

for the creation of the required input files, and a complete example

problem are also included.

5



|4

SOFYIR OVKRVI]

Figure 1 is a functional block diagram description of the ele-

ments in BIODYN and its interface with PIVIB. The BIODYN-80 package is

composed of three programs. The first, called CREATE, interactively

sets up the two input files used by BIODYN. The second program called

BIODYN, is the actual "number cruncher," which structures and solves the

biomechanical equations and computes the desired transfer functions.

The third program called PLOT, accepts the file of BIODYN transfer func-

tions, prints selected ones in a form readily comprehended by the user,

and prepares "quick plot" Bode plots on the line printer, to facilitate

a visual interpretation of the transfer function information. Both

BIODYN and PLOT are designed primarily as batch programs while, CREATE

permits conversational user interaction in structuring input data.

A subsequent link in this series of programs is PIVIB. It is a

large batch program with three modules. The first, BDMOD, computes the

response behavior of the various biomechanical subsystems. The second,

PVMOD, uses the results of BDMOD and the BBN optimal control model to

estimate pilot tracking performance within the vibration environment.

The final module, VEXEC, provides the top level communication interface

between BDMOD and PVMOD, and performs no actual computation. The BDMOD

module expects biodynamic transfer functions in a format generated by

BIODYN. Only the relationships of BIODYN-80 to PIVIB are described

herein, because PIVIB is run separately and has its own User's Manual

(Reference 7).

Figure 2 presents a flow chart covering the use of BIODYN and PIVIB

in a given session. The detailed description of the various steps for

BIODYN is found in Section D. Note that the flow of execution can be

*The CREATE program should not be confused with INTERCOM's EDITOR

subcommand CREATE; it has been given the permanent file name EXECRT to
distinguish It from the latter.

6
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used to solve a single problem, by submitting a single batch request, or

to iterate on a design by submitting a number of batch requests using

the same CHOICES file and slightly altered PARAMETER files (heavy lines

in Figure 2).

BIODYN-80 uses three separate files in performing its computations.

The PARAMETER file contains the set of 96 parameters used to define the

specific pilot/posture/display/vibration characteristics. Appendix A

contains a complete description of each parameter, including definition,

mnemonic, nominal value, recommended range of values and reference

(where available). CREATE is used to assemble this file and can modify

an existing file or produce an entirely new file. The CHOICES file

contains the list of desired transfer functions to be computed and

output by BIODYN, as well as directives for producing the line printer

Bode plots. Again, this CHOICES file is assembled by CREATE. Finally,

the TF file is used to store the resulting transfer functions output by

BIODYN, and is read by the PLOT routine for generating Bode plots.

PIVIB employs a single large file to direct its flow of execution.

This file defines the vibration environment, biomechanical transfer

functions, tracking dynamics, tracking performance requirements, and

pilot limitations (bandwidths, time delays, etc.). Currently, this file

is assembled in the editor, using output from BIODYN-80 if desired.

BIODYN-80 and each of its predecessors were developed on the Tym-

share, Inc., PDP-10 computers. BIODYN-80 has ben adapted to the CDC

"Intercom" System on the CDC 6600 or CYBER 175 at WPAFB in order to

increase its availability to Air Force users, and to interact with

PIVIB, which is also operable on the WPAFB CDC computer. The details of

this manual will address its use on the CDC machine; an example of a

Tymshare session is given in Appendix D. Throughout the manual, how-

ever, it is assumed that the user is familiar with the WPAFB CYBER 175,

and in particular has experience with the INTERCOM operating system. If

not, the user should read References 8 and 9 first.

9



~1

MDDEL DRSClIFTIOE

Three distinct subsystem models are included in BIODYN-80. They are

described individually below.

A. BIMECEAICAL MOEL

Figure 3 (updated from Figure 2 of Reference 3) presents the

biomechanical model and defines many of the necessary parameters that

describe the nominal (or trim) situation. It utilizes an "isomorphic,"

or body-mimicking representation, of the major body segments in their

orientations, simplified to a minimum number of lumped parameter

equivalents. The biomechanical features include:

0 Semisupine torso; sliding hip plus rocking chest
supported on a compliant buttocks/seat.

I Head bobbing on an articulated neck with passive
compliance, or active neuromuscular system.

0 Upper arm and forearm links plus grip-interface com-
pliance, driven by an active neuromuscular system.

0 Arm-rest restraints (optional).

* Stick "feel system" dynamics from zero to infinite
stiffness, and any angle of stick or grip.

The simplified torso model was derived to describe the dominant mo-

tions of the head and arm elements; the "pin joint" node between upper

and lower torso segments is not meant to represent any physical feature.

In practice, the masses and inertias are obtained from tabulated bio-

mechanical and anthropometric data for the appropriate sized person

(e.g., Reference 11), the postural angles are based on the actual

situation (preferably via a side-view photo), and the spring forces and

damping coefficients are fitted to data or taken from other sources

(e.g., References 3 and 12).

10
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B. LIN NEJLCEJSWL*I MODEL

The active neuromuscular system noted on Figure 3 is a schematic

representation of the net effect of complex agonist /antagonist muscle

pairs controlling the upper ar~a or head based on the work summarized In

Reference 10. An *"NM switch" is defined in the PARAMETER file which

causes this neuromuscular model to control the limb (NM - 0) or the head

N - 1). A linearized representation of the limb neuromuscular model

is shovn in Figure 4, while the head neuromuscular model is depicted in

Figure 5. This model relates the action of the muscle pairs to the

effective (spindle) sensors of muscle length and force as well as

proprioception from the stick grip interface (in the case of the limb

neuromuscular model) or the head-neck interface (in the case of the head

neuromuscular model), thus closing the receptor-CNS-effector loop.

Unless neuromuscular properties are being investigated, it is recom-

mended that the typical values of the parameters shown in Table A-i be

used. These are representative of a normal person's arm-hand or head-

neck system, and generally yield reasonably damped neuromuscular servo

properties. The neuromuscular parameters listed in Appendix A are

characteristic of the largest muscles in the body (e.g., the legs), but

experience has shown that the dynamic properties (torque/inertia ratios,

damping ratios, natural frequencies, etc.) are about the same for all

postural muscle pairs. Here, an empirical scale factor S (> 1.0) is

used to scale the normalized muscle to a particular configuration, as

though the muscle acted normal to the upper arm c.g. A more detailed

description of the neuromuscular model is found in Reference 10.

C. EWtX/HD/MY MODELS

Figure 6 illustrates the basic elements involved in the neck/head/

eye model. Details involving validation and example use of this subsys-

tern model are found in Reference 6. The task is to keep the eye fixated

on the target, i.e., null the relative eye (point of regard) deviation

(RED) at the display. The moving base can produce image error distur-

bances, both from induced head rotation and translation as well as

12
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target motions. The "vestibulo-ocular reflex" is a "crossfeed" (or

"feedforward") that rotates the eye oppositely to the head to compensate

for head rotation, i.e., to maintain approximate inertial eye fixation.

The "Fixation Reflex" or feedback tracking loop involves the sub-

ject's efforts to null the image error e1 by compensatory eye movements.

The "Target Pursuit" path (shown dashed) models the subject's "feedfor-

ward" operations on the perceived absolute target motions in inertial

space (as distinct from the image error motions). For highly predict-

able and perceivable target motions the Target Pursuit path is capable

of greatly reducing the image errors, but it is not involved in most

vibration cases because of insufficient bandwidth.

The linearized model formulation assumes that the target remains

within the foveal area (3-4 deg field), and that angular velocities are

small (i.e., less than 20 deg/sec.) such that saccades are rare and can

be ignored. Additionally, the vibration-induced motions will always be

small enough to permit linearization of all angular functions and allow

a quasi-linear representation of the dynamic elements about each "oper-

ating point" (posture, view geometry, frequency). The operating point

angles can have any values within human limits for a seated pilot or

crewman.

The three subsystem models described above contain parameters which

must be assigned values via the PARAMETER file, in order to describe the

desired problem to BIODYN. These parameters are defined in Appendix A.

The available input (forcing function) variables and output (response)

variables are given in Appendix B. Two different input deflection vari-

ables are available for the x and z axes. BZP and BXP should be used

when absolute ouputs (referenced to inertial spacc) are desired; DZP and

DXP are used when outputs relative to the moving platform are desired.

The equations of motion are in Appendix C. Background on their deriva-

tion and development are given in a series of prior reports (References

1-3, 6, 10).
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U8IM BIODYM-80

Three job steps ari required for a complete run of BIODYN-80. The

CREATE program is used interactively via a remote terminal, to assemble

the PARAMETER and CHOICES files. These files are then read by BIODYN and

the transfer functions computed, stored on the TF file, and listed at a

line printer. The TF file is in turn read by the PLOT program to pro-

duce any Bode plots desired. Each of these steps is described in

detail. Note that all user interaction with the computer assumes the

user is logged in to CDC's INTERCOM. It is assumed that the user has

access to Intercom set "AFML" where the program and its files reside.

For other setname groups, please consult your Computer Center Represen-

tative to get on the AFML list, or for instructions on how to use a
"modified job stream listing" (Reference 8).

A. CREAZ 4

Because of the large number of parameters required by BIODYN-80, it

was decided that a dedicated interactive "editor" for creating parameter

files was needed to produce rational, error-free input files, and there-

by avoid aborting during the subsequent, and expensive, batch run of

BIODYN (for example, due to a missing decimal point). Furthermore, this

approach allows the maintenance of a "catalog" of PARAMETER files for

various postures and situations, from which the most appropriate one can

be easily selected and modified for a particular situation. The CREATE

program serves in this regard by allowing a user to interactively assem-

ble new parameter files or modify existing ones. CREATE also performs

various data checks and identifies common parameter entry errors. This

section details the use of the CREATE program.

1. Entering CREATE

CREATE makes use of five files, as defined by the PROGRAM card:

TAPE4 - INPUT file (the user's terminal)

17
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TAPE5 - OUTPUT file (the user's terminal)

TAPE7 - CHOICES file (if new one is created)

TAPE8 - PARAMETER file (new or modified)

TAPE20 - PARAMETER file (existing)

The PROGRAM card automatically assigns the INPUT and OUTPUT files to the

appropriate tape units. If an existing PARAMETER file is to be ac-

cessed, it must be assigned prior to executing CREATE. The job stream

to be input by the user looks like this (detailed examples are given

later, in Appendices D and E):

REQUEST,TAPE7,*PF (pfnI is the PARAMETER file name
REQUEST,TAPE8,*PF selected by the user from the
ATTACH,TAPE20,pfnl permanent file catalog within
ATTACH,EXECRT the setname AFML group)
EXECRT

Now the user is at the entry level of CREATE. The first issue

addressed is creating the PARAMETER file, or modifying an existing

PARAMETER file. The computer's first prompt

NEW FILE?

asks the user to identify which option is desired. Answers are YES or

NO; any other response will cause the query to be repeated.

2. Modifying a PARAMETER File

If the answer is NO, the values stored on the file assigned to

TAPE20 are read. The user may list those values by responding to the

next prompt

LISTING DESIRED?

18



with YES. A NO response will skip over the listing option. Any other

response will cause repeat of the question. The listing produced can

either be long or short. The long listing provides parameter defini-

tion, mnemonic, units and current value, while the short listing prints

only values, grouped according to each element (see Table A-2, Appen-

dix A). Examples of each are given in Figures 7 and 8, respectively.

Response to the prompt:

(LO)NG OR (SH)ORT LISTING?

determines which listing to generate. A response other than LO or SH

will cause repeat of the question.

Values are now ready for change, as indicated by the message:

INPUT MNEMONIC (5 CHARS) AND VALUE FOR EACH CHANGE,
TO EXIT, TYPE XXX.

To change any desired parameter value, its mnemonic from the second

column of the definitions in Appendix A is input. Mnemonic must be left

justified within a 5 character field followed by a comma, followed by

the new value. The mnemonic is then checked against the internal list

of permissible mnemonics; e.g., if ABDCE is not found, the message:

MNEMONIC ABCDE NOT PERMISSIBLE. PLEASE REINPUT.

appears and the user should try again. Likely errors include typos, and

forgetting to pad the 5 character field with trailing blanks.

Once a correct mnemonic is identified, its new value is compared

with the recommended range of values for that parameter. If the value

is not within that range, a warning message appears:

WARNING - RECOMMENDED RANGE FOR THIS PARAMETER IS
0.5 To 3.5 GS

DO YOU WANT TO CHANGE THE VALUE?

19
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I: FI. F:N'l. F THL DEG 13.0000
r i' 4 i:: ".. ':&.II . G M/S2 9.80000

'Il: M' T IKG 1.8.0000
TJ( ' :i: NiFf .1 Z.I T KGM2 .800000
FI-MF V d : I N- BTB NM/R/S 40 . 0000
I! C.f I 1I I1:: f'Fi : XKr R NM/R 500. 000

nN.f.. F [W Xi..'1 FTIR[.I UF RI I CAl THT DEG - 15 . 0000
F'0W.t 9 C II T F' F'TOT LIEN TH XIT M *1.50000

ANfSI. F 0 F' XI TN THTN DEG -5 . 00000
(IF' I , T rFLI".' TORS0 F IVOT XLTN M .300000

7'0r 1I . "I I H. S DEG .-5.00000
iV,:,-- . , S:I(II..... P I INGTH XLS .*300000

NE [-. MS .XMN KG 1.24000
NE .. 4 l. [A ZIN KGM2 .240000E-02
NEL.I- FE:i)R :) TAMFEl;' BNT NM/R/S *100000

Nt-LI' / ..1" .... '" T1: FI'F RXKNT NM/R 50.0000
ANSI..F F N IHN DEG -30.0000
Nil: . I. J N(, TI XLN M .124440
NE ! 'T 0r1 ' . T' ,i 1FJ.?O I 0'0T XI_N1 M .622200E-01
HEAD Nvi:""; XMH KG 3.10000

NI:.'iFl VNLI ZTH KM2 .303000E'-01
HEAT'NEI.: LMF'.Ii:F BHN NM/R/S .126000
A ,g I.,N F C I T 1, [1 F N F.'S XKFHN NM/R 15 .0000
H .i .(11 I' . N F O;F. F'I .C 0 M ,gN[:t-( N1" - 1 .00000

4.NS IJ TI / H TH . IEG 60.0000
1TlT) , D :.,i :i I-l: I'Nl K F' IV [T LIEN XLH M .250000E-01
I 1: NT [-iT ANGI..I THV DEG -30. 0000

k) [: W NI(F , D ] -'( ANLCEF VE' M .685300
MI(F'FF A:N MASS XMI KG 1.37200

JFFF r 1- i' M IT"A Z 1. KGM2 .120000E'-01
I:F , DEG 15 * 0000

UF'F'i ' 6 RM I. I1[:.NT!I DI M .290000
.JFFF IF .' Al N 0 Ri H/H .440000

TOW) F ,H 11 MMi XM2 KG 1.01700
1 0 W F: F( 1[ "1. N E R T :I: A Z2 KGM2 .152000E'-01
EL."iBOW e) NSC)I.. F rE [DEG 115.000
[O.W F:k, AF, :;Mt I.. EN(3 . ['2 M #305000
I... OW.:I (",F' 'I C S H/H .500000
6 'R: I. II A A'.. :',F:-( ,.NGI. VI J DEG 0,

K IR: I f. T -F.' F .:l::(i I:.l N s OHSr ANT TIF S .100000
.5 I F, T N F k, [ F 1: 0M .. 1ANF, M C E C. H/N 1 .00000

(continued)

Figure 7 Example Long Format File Listing
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. '! '. .. ; .. Kxm'. 4,0 00()0
N/. XKS NM S.40 PO

.~~~~~ ,..H I 1) 0; 0 .. ;. . : L 7!; .G¢C 1.. .I N,
S .* ....!' i * . i* I . , YPTCS ' 1,116. '0 (
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'
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I . 0
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•*'. ll.. .. .. I)NS..." 1 I. , i..", 900",..-,.0.. 1... ..

f.. .!. h T'" 4T,4 Ii ..

,i : '; ' II I(;f X .u/'t SC'.
IC).:...... ' - . XK "i"N /i ::' :) '''(:'
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Figure 7 (Concluded)
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PARfAMETERS FOR:

SEATED CREWMAN -- VIEWING DISTANCE 9 CM

LOWER BODY

L4.000 315.00 49360. 1 1932E'.06 13.000 9 . 8000

TORSO
18 .000 .30000 40.000 50(.00

-15.000 .15000 -5.0000 .30000 -5.0000 .300,t'

NECK
1 .2400 2000 OO-02 *1.0000 50 (' 0
-30.000 .12444 .62220E-(01
HEAI/DISPL. AY VIEWING
3.1000 . 3 ,300E-0 1 .12600 1. 000 1 0000

60.000 .25000E-)-01 -30.000 90000E -1
ARM (UPPER LOWER)
1. 3,7.0 *1 000E01 15. 000 29000 .44000

L.0-110 1 C200E- 101 115. 00 .1 30500 50 0.."
GRIF INTIERFACE
0 . 10000 1.0000
STICK
4. 0000 240.00 10000. 1 .0000 ). C)
90 t 000 (55000 IO0E-O.

ARM REST
O. O. O. O. 1.

NE ( .IP M S C UI...LA F: SYSTEM

0 50.000
S20000-01 . 90900E-01. 89000E-0:1.
I.0000 .80000 16.000 0.

1.00(00 2.0000 2.4300 40.000 0. 80.000

5.(()0 .90900E-01 0. 0.
.50000 .. 55000E-.-01. 0.

IMAE F I XAT ION/ESTliBULO-OCULAR SE:RVO

7. 0795 0. . 45000E-0.. 30000 O

.67000 .10000 . o000E-01o

.10000 .12500E-01. "0000 .65000 . 6:3

Figure 8 Example Short Format PARAMETER File Listing
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If a mistake has been made In typing the new value, a YES ansver will

allow retyping of both the mnemonic and its corrected value. I f, how-

ever, the value is correct, even if out of range, a NO answer will cause

the value to be stored as it stands. Any response other than YES or NO
will cause the warning massage to be repeated.

The range of parameters given in Appendix A is as wide as can be

allowed for typical applications of BIODYN-80 (e.g., arm joint limits).
Values outside this range are used at the user's risk, and precise pos-

tural angles for the given case should be carefully checked at this

point. (It is good practice to check your lengths and angles by drawing

a stick figure to scale, using the desired values.)

When all the desired changes have been made, an input of XXX causes

control to leave the modify mode. An opportunity to change the case

title is then presented as

TITLE IS STD CREWMAN, HANDS ON KNEES
CHANGE DESIRED?

A YES answer causes the message

NEW TITLE:

to appear and a new title (60 characters maximum) can be typed. A NO

response skips this section; other responses cause the prompt to repeat.

After all desired changes have been made, the user is once again

given the opportunity to list the file, using either the LOng or SHort

format, as described above. At this point the computer writes the new

values to the PARAMETER output file, TAPE8.

3. Assembling a New PARAMETER File

If most of the parameters are new, then instead of modifying an

existing file the initial prompt
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NEW FILE?

is answered YES. Every parameter value must then be input. The message

INPUT VALUE FOR EACH MNEMONIC. FOR FURTHER EXPLANATION, TYPE?

initiates this process. For each parameter, the mnemonic is printed as,

f or example, Viewing Distance, VD:

VD-

and the value is accepted in floating point format. If the user is

uncertain as to the range of appropriate values, an expanded prompt may

be requested by typing "?". The expanded prompt for VD Is, for example:

VD -?

VD VIEWING DISTANCE
RECOMMENDED RANGE - 0.5 To 3.0 M
VD -

the user can then enter the desired value.

As each value Is read, it Is checked against the recommended range

of values, in order to weed out input errors due to wrong sign or incor-

rect decimal placement. If the value is not within range, the warning

message given previously appears. The user always has the option of

modifying or saving any value typed.

This process continues until all %~ parameters have been entered.

The case title is then added as a response to

INPUT TITLE FOR THIS CASE:

At this point, a LOng or SHort format listing may be generated as dis-

cussed above. The file is then written by the computer to the PARAMETER

file designated TAPE8.
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4. Assembling the CHOICES File

The next section of CREATE in used to assemble a new CHOICES file

which specifies the transfer functions to be output. Note that there is

no provision for modifying an existing CHOICES file; any changes to an

existing CHOICES file must be made by creating an entirely new file.

The prompt

NEW CHOICES FILE?

has two responses: a NO allows the user to skip this entire section if

an existing CHOICES file will be used as input to BIODYN; a YES response

will cause prompting for the CHOICES file components as described below.

Any other response will cause the prompt to be repeated.

A YES response to the next prompt

BIODYN TFS DESIRED FOR PIVIB?

will automatically generate the ten transfer functions to be included in

the PIVIB input file. This is mandatory if interaction with PIVIB is

anticipated. The response and forcing function variables involved are

shown later, In Figure 12. A NO answer skips this section; other

answers cause repeat of the question.

All other desired transfer functions are entered by the user in re-

sponse to the following computer-specified format:

TRANSFER FUNCTION INPUT:
FIRST LINE - RESPONSE MNEMONIC, FORCING FUNCTION MNEMONIC

(AAA, AAA); ENTER XXOC TO STOP
SECOND LINE - PLOTTING INFORMATION# 5 ITEMS:

BODE LOWER FREQ. LIMIT
BODE UPPER FREQ. LIMIT
BODE UPPER PHASE LIMIT (0. DEFAULTS TO 200.)
BODE LOWER PHASE LIMIT (0. DEFAULTS TO -400.)
LIST (I. TO LIST TABLE, 0. FOR NO LIST)

IF NO PLOT DESIRED, ENTER 0. FOR ALL ITEMS
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Note that the parameters for each transfer function are entered on two

consecutive lines, each item separated by a comma, each line followed by

CR.

The mnemonics requested are three-character codes as defined in

Appendix B. The program checks each mnemonic against the list of

acceptable codes. If a match is not made, the error message

XYZ NOT PERMISSIBLE, PLEASE REINPUT.

is given and the entire first line must be retyped.

If Bode plots are desired, the frequency and phase limits must be
entered; if not, zeros are assumed. The frequency limits must bound a
frequehcy range of no more than 3 decades. If frequencies with an
unacceptable range are entered, the message

MAX FREQUENCY RANGE IS 3 DECADES
PLEASE REINPUT ENTIRE LINE

appears and, all five items for that transfer function must be re-typed.

The phase limits are unbounded, but entering zeros will cause default to

+200.0 deg and -400.0 deg for the upper and lower limits, respectively.

If a tabular listing, including frequency, amplitude, and phase at 20

increments/decade intervals is desired, a 1.0 should be entered as the

fifth item; otherwise enter 0.0.

The CREATE program stops when an XXX is read in the CHOICES file

section. The two files created must be saved as permanent files by

giving the following INTERCOM commands:

CATALOGTAPE7 pfn2 ,RP10
CATALOG,TAPE8,pfn3 ,RP=I0

where pfn2 is a new (seven character) permanent file name assigned to

the CHOICES file and pfn3 is a new (seven character) permanent file name

assigned to the PARAMETER file. The user is now ready to exercise

BIODYN.

The user can interactively create a number of PARAMETER and CHOICES

files, each uniquely named for subsequent use in the BIODYN program. In
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most cases one same set of transfer function choices will be adequate

for a variety of different parameter sets.

B. 311N00

Because of memory size limitations presently imposed by the INTERCOM

operating system, BIODYN must be run in the batch mode. A batch Job can

be submitted through INTERCOM using the following command sequence

EDITOR
CREATE, S
ABC,CM150000, STCSA.
ATTACHTAPE7,pfn 2. User supplies desired

ATTACH,TAPE8,pfn3. file name for each pfn
REQUEST,TAPE19, *F.
ATTACH,EXEBIO.
EXEBIO(TAPE4,OUTPUT,TAPE7,TAPE8,TAPE19,TAPE21).

CATALOG,TAPE19,pfn 4 ,RP999.
*EOR
SAVE,GOBIO,NOSEQ
END
COMMAND - BATCH,GOBIO,INPUT,HERE

The first section of this batch request assigns the PARAMETER and

CHOICES files produced by CREATE to the tape units which BIODYN reads.

The BIODYN program is then retrieved and executed,

BIODYN first reads the PARAMETER file and uses it to set up the

equations in the form

Ax - Bu

where x is a vector of response variables (currently dimensioned 48) and

u is a vector of forcing function variables (dimensioned 9). The de-

sired transfer functions (as listed in the CHOICES file) are then evalu-

ated, using Cramer's rule and several advanced factorization algorithms

in order to obtain the first- and second-order poles and zeros. These

are all written to a file called TAPEI9 (the TF file), as well as to the

line printer (via the OUTPUT file). The format used by the program for
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printing the transfer functions is shown in Figure 9, while the format

for storing these transfer functions on TAPE19 is given in Figure 10.

The TF file (TAPE19) is used by the PLOT program for generating the

quick-look Bode plots on the line printer. Thus, the last lines sup-

plied by the user in the batch job stream "rewind" this file and assign

it a permanent file name pfn4.

C. PLOT

The Bode plots, if desired, my be generated at the user's terminal

or written to a local file for later examination, as the user wishes.

The user's job stream looks like the following:

ATTACH,TAPE19,pfn4. pfn4 is the file name of
ATTACH,EXEPLT. the plot instructions
EXEPLT(OUTPUT,TAPE19)

The output from this routine consists of four items. First, the

input file mnemonics are printed, so the user can identify which plots

are forthcoming. Then, for each transfer function, three items are

printed. The transfer function dipoles (first and second order) which

have been cancelled are first, followed by the numerator and denominator

of the transfer function. Then, the Bode plot is "drawn." Finally, if

a listing was requested in the CHOICES file, it follows the Bode plot.

An annotated example is given in Figures lla, b, and c.

D. INm1A.K VWl= PIYD

Ten of the possible BIODYN-80 transfer functions can be used as

input to PIVIB. These are listed in Figure 12. The input file

structure for PIVIB is quite lengthy and complex, involving over 200

parameters. An explanation of it is beyond the scope of this user's

manual, and the interested reader is referred to Reference 7, the PIVIB

User's Manual. A brief outline of the steps used to generate the PIVIB

input file is given below.
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Each trans'er function is to b interpreted as

Transfer Function _= ut(a) +1

T .I, t 2 p .{la 2)s

where 7 denotes a product of first- or second-order roots, and K is the so-called ,root locus gain" (of the high-

frequency asymptote):

High Frequency Gain of Numerator

High Frequency Gain of Denominator

and the various first- and second-order poles and zeros are indicated below. The transfer function can also be

interpreted in Bode format, as:

Tran fer Function = JT(Tz. )

where KOL is the gain of the lov-frequency asymptote ("Bode gain,):

Low Frequency Gain of Numerator

KOL - Low Frequency Gain of Denominator

I I-MAR-80 17:06 Date, Time

CASE:HEAD..lECK.TORSO ONLY Case Identifier

TRANSFER F UNCTION COMPONENTS:

DENOMINATOR: High-frequency gain
(denominator) K.

.10464E-12
46.334 ) ( 100.00 5 1 530.63 ) First-order poles (I/T)
S.4.1231 8.3929 3:7123 7.5273

.42607 * 10.481 4.4663 9.4835 )Second-order poles
(( .13 54 , 17.112 2.1996 16.970 ,'
U .974;3F-01, 32.746 1 3.1912 32.590 )

1 .1386 , 44..50 5.0704 44.241 Re Im
U .6021 * 316. I3 206.02 240.70

12459E+12
%- Low-frequency gain (denominator)

NUMERATOR : KtHnriF AV-- Numerator! output/input
UET: /<HrFh-freq. gain> nmerator alone Kz,

-.81637F- -1 -79.9 4 <High-freq. gain- for transfer function
.00000 I .00000 5 46.384 100.00 K - K/K
34? First-order zeros

(1 .442,1 • 8.3929 * 3.7123 , 7.5273 1)

( .67357 6 17.729 : 11.942 , 13.104 )
((-.35676 • 3,.405 -12.631 t 33.075 ) Second-order zeros
U .2?926 * 44.192 . 13.22!,5 , 42.166 )
(( .65024 . 316.83 • 206.02 , 240.70 )

-. 11234E+12 -.90.65 <<Lov-freq. gain, transfer function--

<Low-freq. gain, numerator alone,

Figure 9 Format for BIODYN-80 Transfer Function Printouts
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Format Comment

Case title (15A4)

D$$ (Specifies denominator)
NPI, NP2, KpI 0., 0., 0., 0., 0. (214, G14.6, 5F7.1)

I/TpP

1/TP2 First-order poles (5X, G14.6)

cPjp W P Second-order poles (;l, wl)

CP2' WP 2  (5X, 2F14.6)

XXX/OX First transfer function

numerator

NZI, NZ2, Kz, WI, WF, XU, XL, XP (214, G14.6, 5F7.1)
1/Tz I

1/Tz 2  First-order zeros (5X, G14.6)

zl, lkz

Cz2 W Z2  Second-order zeros ( w2 , W2)

(5X, 2G14.6)

KXX/XXX Second transfer function

numerator

where

NP1 = No. first-order poles K - High-frequency numerator gain
NP2 - No. second-order poles 0 - Bode plot lower frequency limit
Kp - High-frequency denominator WF - Bode plot upper frequency limit

gain XU - Bode plot upper phase limit
NZ1 - No. first-order zeros XL - Bode plot lower phase limit
NZ2 - No. second-order zeros XP - Listing switch

Figure 10. Format Used for BIODYN-80 TAPE19 File of Transfer Functions
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PIODYN T,F, 05/20/80 15,13.57.
SEATFD CREWMAN - VIEWING DISTANCE 9 CM Title

Dt$$

RH/DZF Dump of file

b1OYN T.F.

PIODYN T.F. 05/20/80 15.13.57. Title
SEATED CREWMAN - VIEWING DISTANCE 9 CM

RHD/DzP - First transfer
D$$ function

FIRST-ORDER DIFOLES CANCELLED f i
46.384000
100. ooooo Cancelled dipoles

SECOND-ORDER DIPOLES CANCELLED (only exact can-
.44230900 ' 8.3929300 cellat ion
.60022000 , 50.002500
.65024400 316.83100

NUMERATOR: High frequency gain

(0. ) (0. 10.955 ( 11.950 - First-order zeros
22.500 ) ( 1.07.75 535.79

(( .22639 8.4561 , 1.9144 8.2365 ))
(( .78552 , 13.624 r 10.702 8.4311 ))
U .82761 , 20.272 , 16.777 , 11.379 )) Second-order zeros
((-.16669 , 21.651 ,-3.6090 , 21.348 ))

.22759 , 47.017 * 10.700 , 45.783 >)

1DENOMINATOR:

10.957 ) ( 11.983 ) ( 22.499 ( 107.81
7,31.02 )_First-order poles

' .22869 8.4682 1.9366 v 8.2437 )
U .40550 • 13.701 , 5.5558 r 12.524 )
U .24026 16.682 , 4.0081 v 16.193 Sd
U .82362 , 20.305 , 16.723 v 11.516 Second-order poles
U .94299F-01, 31.293 , 2.9509 31.153
U .19289 , 46.973 , 9.0608 46 091

-. 13857E-02:>' Low frequency gain
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:l'hIiN I .F

,!1:7iYN "F. 015/20/80 15.13.57.
,, -. h CREWIMAN YTEWING DISTANCE - 9 CM Title

RHLi/DZP Top scale

XXX MAGNITUDE (EB) - X is

-20. -40. -60. -80. -.1oo. magnitude

t 10. X 0
X 0
X 0
X 0

X 0
(Magnitude 0

X 0x 0
X 0

0

. X 0 0
ox Phase

00 0X +360 phase shift for
x a for points below -180o

X 0
X X 0 a

0 a

X 0
7x 0 Values at "1>" (in'radlsec)

O x and at --- (in Hertz) are
o x exact.

0 X
0 x

4.o 0 X
0 X

• : . . .0 X

P , sLi
0) X
0 X

;'.".,0 X

0 X
0) X

i.4 0 X

X
X

0. 0. ..-.. 00. -- 200. -300 • 400.
Bottom scal~e

00 F'HSE (DEG) for 000 is
phase

b) Printer-Generated Frequency Response (Bode Plot)

Figure 11 (Continued)
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iT

Title

Listing of frequency
(rad/sec), amplitude (dB)

Sand phase (deg) at 20
evenly-spaced increments/
decade. (This listing is
only generated if fU = 1.0
in the CHOICES file for this
transfer function)

:: .. ,. .. .1- ,. .
-,:i

S - .. '..i I

c)Listing of Frequency Response Values

Figur e 11 (Concluded)
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Note: denotes a typed blank space.

Output BIODYN TF PIVIB TF

Shoulder: XS Chil Inertial horizontal shoulder deflection
(S) BXP Chl S Horizontal platform deflection

XS Chl i  Inertial horizontal shoulder deflection
BZP Ch2 S Vertical platform deflection

Zl Ch3l Inertial vertical shoulder deflection
BU hl S Horizontal platform deflection

AZ Ch3I Inertial vertical shoulder deflection
BZP CH2 S Vertical platform deflection

Head: DTH Ch3I = Inertial head pitch
(H) BXP Ch-iH Horizontal platform deflection

DTH Ch3j _ Inertial head pitch
BZP Ch2H Vertical platform deflection

DZH Ch2l = Inertial vertical head deflection
BXP C-hl H Horizontal platform deflection

DZH Ch2l = Inertial vertical head deflection
BZP C-h2IH Vertical platform deflection

Stick ACA Chl Longitudinal stick deflection
(C) DXP Ch-1IC Horizontal platform deflection

C Chl h Longitudinal stick deflection
DZP Ch-2C Vertical platform deflection

Assumptions: Of the 3 vibration inputs possible, 2
are X and Z. Assume X is Channel 1, Z is Channel 2
for the above table.

Figure 12 BIODYN-80 Transfer Functions Which May Be
Used as PIVIB Input
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I. Specify title for run

2. BDMOD - enter the biodynamic response module

a. FREQS - specify all frequencies required for
biodynamic analysis

b. VIBR - specify vibration input/source transfer
functions

c. BIOTR - specify biodynamic transfer functions.
This is the interface between BIODYN-80 and
PIVIB.

d. BDOUT - specify biodynamic outputs for printing

e. BCOP - given all information specified above,
compute and print biodynamic quantities

3. PVMOD - enter the pilot/vehicle module

a. Specify various P/V parameters in state vector
form

b. VBINT - controls communication between BDMOD and
PVMOD

c. PCOMP - perform pilot/vehicle computations and
print results

d. FDREP - compute and print frequency domain mea-
sures, e.g., describing functions, remnants,
signal spectra

4. Repeat 2 and 3 for each case

5. END

I. FOR ASSISTAICH

New and inexperienced users should have an experienced INTERCOM or

batch user assist them throught the first application. For technical

questions concerning this program or models, please call or write:

Henry R. Jex at Systems Technology, Inc., 13766 S. Hawthorne Blvd.,

Hawthorne, CA 90250. Telephone Number (213) 679-2281.
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APPENDIX A

DEFINITION OF PARAMETERS, SYMBOLS, RANGES AND TYPICAL VALUES

TA.E I PARAETER AND SYBOL DEFINITIONS, RANGES, ANO TYPICAL VALUES

I I I I REAaONABLE I
II I I I RAE I TPICAL VALES (STD CASS)I

IPAA-IR1R MI UNITS LOCATION I SO1RCE* I I I I
IMER1 NW( I DEFINITION I (Refs.) I MINIMJM I MXIKJM S1DPLTt I S1DTCW I
I t ~ R3? I I I I

I LOWER BOIDY
I XB  I kg Low boy mass (Hips) T(1,2,3) I 10. I 25. 14. 1 14.I IIII I I II
lBB  IB I n/n/s Lower body/seat cush- F(1,4,5) i 100. 1 2,000. 1 00.1 1 315.

ion I I I I
1KB XKB IN Low bocy/seat cush- I F(1,4,5) 120,000. 1100,000. 29585. 1 49360. 1
I I ion stiffness I I I I I I
IKts I GO N/m I Series spring gradi- F(1,4,5) 150,000. 1200,000. 1 71519. 1119322. 1
I 1 1 ent in loer body I I I I I

XL  1 I. deg ISeat (hips) tilt IM(1) -20. I +80. 1 13. 1 13. 1
I 1 angle I I I I I I
IG I G I m/s2 ITrim vrtical aocel- I 1 0.1 1 100.1 9.81 9.8 1

I I I eration I

I I I I
I"r I kg Torsomss I T(1,2,3) 1 10. 1 30. 1 18. I 18. 1
I I I I I I I I II
lIT I ZIT I kg.m21 Trso inertia T(1,2,3) 0.5 1 2. 1 0.8 1 0.8

IBTB I BrB I N.m ITorso daming F(1,4) 10. I100.1 16.751 40.r~s

IKTB I XKTB I N.m ITorso stiffness G,F(1,4) 1 100. 2,000. 1 500. 1 500.

PT I lHT dg Angle of XLT fron M(1,3,4) -30. +90. 10. I -15.
I I vertical I
ILT I XLT I I Trso c.g. to hips I T,M(1,2,3)I 0.12 1 0.401 0.15 0.15 1
I I I Ipi vot ength I I I I I I
P I H I deg IhAgle of XLT IM,T(1,2,3)I -30. 1 +90. 1 5. 1 -5. 1
I I I I I I I I II
ILW I XL7 I m I Torso c.g. to ned&/ I T,M(1,2,3)I 0.15 1 0.301 0.3 1 0.3 1

I I I I pivot
s IhSI deg IA gle of XLS IM,T(1,3) -30. +90.1 5. 1 -5.1

ILs  I XLS I m ITorso c.g. to shul- I 1 0.101 0.301 0.31 0.3 1
I I I Ider igf I I I I II II

t'%n]PLT' =5S1) pilot, stiff centerstickt"IDTC' = SID cremn, hand on knees
t

*Sorces Legid: mured (e.g., photo) or specified by situation (conti nued)
-Tabulated, cadaver or anthrqetric tables
Fntted, to transfer function data
_usstimte (on basis of Itsical properties)
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TALE 1. (Cont inued)

F 1 REA3JNPE
NI I I WES (SD CASS)I

IPMRA- R)R1RI UNITS I LOCATION I 0RX* I I
IMETERI WE I I EF 1NTION I (Refs.) KNIML4 I WX1M, I S1IPLT I S1D I

1l I ! !E ( I 1 I
I MN I XMt Ikg lNeck mss-- T(1,3,6) O. 1 3.0 1 0.01*1 1.24 1II I I II
11N I ZIN I kg.m2 Neck inertia I T(1,2,3,6) 1 0. I 0.010 1 0.0** I 0.0024 1

IBN  I NT IN.m INeck/torso dmW IG,F(1,5) 10. 1 0.40 1 0.25 1 3.1 1
I I irosI I I I I I I
IKN I XKNT I N.m LNeck/torso stiffness IG(1,5) 110. I 80. 1 50.0 1 50.0 1I I II
I_ I _ _ I_ _ I_ _ _ _ _ I _ _ _ I _ _ I _ _ _ _ _

N I N Ideg IAng of XLN II(1,3) I-gO. J+90. 1 -20. I -30.
1 I I 1 1 I
ILN I XLN I m INeck length I MT(1,2,3,6)I 0.05 I 0.25 1 0.1 1 .12444 1
1 1 I I I 1 1 1
ILN I XLN1 Im INeck c.g to neck/ I T,G(1,3) I 0.02 1 0.15 1 0.05 1 .06222 I
I I I Itorso pi t I I
1 1HEJIDI3'LAY VIB4IPGI I II

Ii 1 XMi I kg Head mass I T,G(1,2,3,5)1 2.0 1 10.0 1 4.34 1 3.1 11 1 1 helmfetedIII
IIH I ZIH I kg. 2 Head inertia I T,G(1,2,3,6)I 0.010 1 0.100 1 0.039 0.0303 1
I I I I I helmeted I I I
I BNI IN.m IHead/neck dpe IG,F(1,8) I 0. 1 0.40 1 0.01* 1 0.13 1
I I Ir@7sI I I I I I I

IKHN XKHN I N.m Head/neck stiffness I G,F(1,4,8) I 10. 1 30. 1 10.** 1 15. 1
I 1 IF@ I I I I I I I
I i IG I - IHead/neck campliance M(1,8) 10.0 11. 1 0.01*1 1.

I Ipwayeter ( = 0. Ilocked Iulocked I I I
I I locks head onnec) I I

I 1H I deg IAgle of X.G(ptvot-M)l M,T(1,2,3,6)I-30. +150. 1 70. 60. 1
I I I I

ILT I X21 I m IHead c.g. to head/ I T,M(1,2,3,6)I 0.0 1 0.100 1 0.O 1 0.025
I 1 1 Inec pivot length I I I I I I
16v 1 TW Ideg Ingle of line of IM,T(1,3) 1-90. 1490. 1 -30. 1 -30. I
I Isight I I I I I
IVD I VD Im IViewing distance 1M(1) O. 11000. 1 0.75 1 0.6853
I I from head/neck _ I_I I 1p i v t IIIII

*Sorces : *Mt&-ad Locked
Measured(e.g., plto) or specified by situation
Tabulated, cadaver or nthropmxtric tables
Titted, to transfer function data
' estitmte (on basis of pIftscal praert es)
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TABE 1. (Continued)

I I RASONABLE ITYPICO VALUES (S CASS) I
IPP1A- I RMRRI UNTS I LOCATION I SOUCE* I RAG I I I
IM TERI NIME I I DEFINITION I (Res.) F NIKM MaM S 1P T -TS

I I I I (Upper Lowr I I
IM1  ) 1 kg Upper arm ness I T,M(1,2,3) 1 1.0 1 4.0 1 1.372 1 1.372I I Zl kgI m -

III I fl I kg.W Uppw am inertia I T(1,2,3) 0.01 1 0.05 1 0.012 1 0.012

i TI I deg lUpps am angle I M,T(1,3,8) 1 -30.0 1 +90.0 1 40. 1 15. 1I I I IIIIIII
IL1  ID1 I m IUpper am length IM,T(1,3,8) 1 0.2 1 0.5 1 0.29 1 0.29 1
I I I I( =  La+ Lb ) I I I I I I
1La/L 1 I Ri I "nm lUpper am c.g. I T,G(1,2,3) 1 0.2 1 0.6 1 0.44 1 0.44 1

I(factional distanceI _ _ I_ _ _ _ _ _ _ I _ _ _ I _ _ _ _ I_ _ _ I_ _ _

IIt XW' Ikg ILor arnnmass I T,M(1,2,3) 1 0.5 1 3.0 1 1.017 1 1.017 1

112 Z2 I kgJy2 ILocr arm inertia I T,(1,2,3) 1 0.01 1 0.10 1 0.0152 0.0152 1

I 1lE I deg IEbo angle I M,T(1,3,8) 60.0 1 170.0 1 145. 1115.

IL2  02 1 m IL w arm length I M,T(1,3,8)1 0.2 1 0.5 1 0.305 10.305
1 1 1 1( = Le + d) I I I I I
IIL</L2 I 2 m/m ILor am c.g. I T,G(1,2,3) 1 0.2 1 0.6 1 0.5 1 0.5

I I (fractional distance)I I I I I I
I_ _ I _ _ I _ _ _ _ _ I I I _ _ _ I _ _ _ I _ _ _ _ I

I I
I I IGIP INnERF IIE
Ij I TIJ I dag Gripinthra angle I M,G(3) I -45.0 I +45.0 I 0.0 1 0.0 1I I IIIIIII
IBI/K1 I TIF I s IGrip inteface tine G,F(1,8) I 0.0 I 0.5 I 0.01 I 0.1II I I I II
ICI 1I IC n/N IGrip interfaoe cm- I M,G,F(1,8) I 0.0 I 1000.0 1 .0000558 1.0 1I I I plianme KI-1 II f imed I e

*SIrces Leged: Peasured (e.g., photo) or specified by situation

Tabulated, cadar or attropmebric tables
Fltted, to transfer function data
_esstimnte (on basis of ptrical prqeties)
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T~ABLE 1. (Continued)

I I I I _ _ _ _ _ _I_ _I~ ITPIA I Mz~. UES (SD CASES) I
IPRMA- I FORANRI U1NITS I LOCATIO I WJ I I I
IPE1 I WE I I tEFINITION I (Res.) I RNt I MXIM IN S1IT I SlTW
S !I I I
1% 1 I kg IStick/hanTJiis I M,F(1,8) 1 0.0 I 1.0 1 1.31 1 4.0 1
I I I I(referred to rip) I I I I I
IBs IBS IN/m/s IStck dmpe IMF(1,8) 1 0.0 1 5.0 1 2. 1 240.0 1
I I I I I I I I I I
Ks  I XKS I N/n IStick gr-adint M(1,8) 1 0.01 120,000.0 I 1300. 110000.0 1

I I I II I Ito~ I I
I~kS I WI (tc cmlm para" M() 1 . 1 10i .0 1 1."

iSz I N/g l8I6eight sensitivity I F,M,G(1,8)I -10.0 1 +10.0 1 0.0 1 0.0 1
I I ItoNx I I I I I I

I1z I hC I Wg IBbSti ensitivit I FM(1) -10.0 1+10.0 1 90.0 1 90.0 1I I I I I I I I I I

l1e THC I dg lStick angle Ii M) -20.0 1 +120.0 1 0. l 90.
I I I I I I I I I IIc I Xc I m IStick length (piwot IM(1) 1 0.0 1 2.0 1 0.61 1 0.55 1
1 11 Ito center of grip)I I I I
IKsc I X<C Units IStick output scale I F,G(1,8) 1 0.01 120,000.0 113DO. (NN)I1 0.01 1
I I I TM Ifactor (rescales stick I I I
I I I Idisplacemit to spec-I I I
I Ideg, an etc.) I I I I
I I I Ii ~ Iit (eI g.,

T -II T0I I III
IBMt BAR N//s IAmriIg E (nor- MG(1) 1 0.01 1.0 1 0.0t I 0.0t I
I I I Ima i) I I I I
lKM I WA I N/rm Ikrest stiffness I M,6(1) 1 0.0 110,000.0 I 0.O 1 0.0;
I I I I (n mnl) I I I I I I
IBF IB I N/n/s iJAm rst dtI GIK1) 1 0.0 1 150.0 I . o. 1
I I I I (tangmntial) I I I I
IKF I XKAT I N/rm IAn rest stiffness I G,1(1) 1 0.0 110,000.0 1 0.0t I 0.01
I I I I (tangyttal) I I I I t I I
ILE I XER I m IElbw to arn rest I(1) I 0.0 I 0.5 1 0.0; 1 0.0;
I I IdistaceI I
I r  IR I - IFraction of arn (1) 1 0.0 1 1.0 1 0.0t 0.0tI mi~ht an am ret I I t

*Sours U : Measured (e.g., photo) or specified by situation
Tabulated, cadver or athroporetrlc tables
fitted, to tranfer fuiction data
t a sstimte (on basis of pitWical mme ei)

st 3led.-
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TABLE 1. (Continued)

IPARA- I FORTRII I LOCATION SOURCE* I WAVJ4E I TYPICAL VUES (S1D CASS) I
IMETER I NWME I UNITS I DEFINITION I (Refs.) RANGE

I NF1J0LRYTi:IINI1 I W IKJ M I
I II NEIktUSAticmE TEits I I I I II Actuation El s:I I I I I

IfW I W I ISwitch for central or M 10.01 1.0 1 0.0 1 0.0 1
I I I force activation dy-I I ar I head I I

I I namcs 0 for am con-I
I I I Itrol 1 for head/eckI
I I I Icontrol I
ISi I S I - I Overall scale factor I F,G(1,8) 1 0.0 1 200.0 1 104.4 1 50.0 1

IKl I XIWC I N/N INermuscular actua-I F,G(1,8) 10.0 1.01 .W44 1 .02 1
I I i Itiong e I I I I II
ITc I TO I s INeraouscular actua-I F,G(1,8) 10.0 1 0.21 .0909 . 0 I
I I I Ition gape I
Ics TCS I s INeromuscular actua-I F,G(1,8) 1 0.0 0.3 0.089 .089I I I I tion lag I I I I, I I
IKa I (A I WN IGain of force activ-I F,G(1,8) 10.0 I 10.01 1. 1. I

I I I Iaion dynics I I 08
Iwa IZA - Daing in form I F,G(1,8) 0.0 1.0 0.8 0.8
II I If activation csI I I I I I!wa I rad/s INatural frequency in IF,G(I,8) 1I0.0 120.0 1 16. 1 16. 1
1 force activation II
I I I I dynamics I I
I a I TAA I s ITin delay in force I F,G(1,8) 1 0.0 1 0.101 0.0 1 0.0 1
I I I Iactivation cbiafi csIIII

*Soes Lepid: Neasured (e.g., photo) or specified by situation
Tabulated, cadaver or anthyrqetric tables

4Fitted, to transfer function data_Guesstinte (on basis of physical prop~rties)
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REMM&IE lYPICrt VALUES (SM CUES)

I I I I I R GE
IPPA- I RORTRMNI UITS I LOCATION I SOLRCE* I NIM I MXIKIM I ]KPLT f STM

MEEI x IIDEFINITION I (Rfs I
I I I I I II II INBJR4SOJL.AR SYSEJ . II

I I Actuation Elemits: I I I I I
I I oDnti nued I I I I III I IIIIIIN IM N/m/s I'11ills lad" d IG,F(1,7,8)I 0.0 20.0 1. 1.0

I I I IIIIII
IKM  I X<4 I N.m ISpring in neromus- IG,F(1,7,8)I 0.1 1 20.0 1 2. 1 2.
1 1 1 Icular systen I I I I I
Be I BE I N/n/s ISeries elastic ele- IF(1,7,8) 1 0.0 1 10.0 1 2.431 1 2.43
I I I Inent dwper I I I I
IKe I XKE I N/m ISeries elastic ele- IG,F(1,7,8)I 0.1 1 100.0 1 40. 1 40.
1 1 I Inent gadient I I I I I
IB 1 B1 1 N/n/s ITendon dwper IG,F(1,7,8)I 0.0 1 10.0 1 0. 1 0.
I I I I I I I I
IKT I XKT N/ m ITendomn gradient IG,F(1,7,8)I 0.1 1 300.0 1 80. 1 80.I I I _ _ I _ _ _ _ _I _ _ _

Ksp I XK' I N/m (Mscle spindle IG(1,7,8) 1.0 I 10.0 5. I 5.
1 1 1 Imodl gain I I I I I
I Tsp ITSP I s IMscle spindle lead IG(1,7,8) 1 0.02 1 0.15 1 /11. 11/11.
I I I Itime constant I I I I I
ITps I 1S I s Irscle spindle lag IG(1,7,8) 1 0.0 1 0.1 1 0.0 1 0.0
I F I Itie constant I I I I I
ITs I TSS I s Mmsle spindle high IG(1,7,8) 1 0.0 1 0.1 I 0.0 1 0.0

I Ifreuf ncy lead tin!I I I I I
I lowtantly I I I I I
I I I 1 I I I

IIK I *G I N/ lGlgi tendnor IG(1,7,8) 1 0.1 1 1.0 1 0.5 1 0.5
1 1 1 I d(l l gain I I I I I
ITg I 1G I s IGolgi tendon organ IG(1,7,8) 1 0.02 1 0.1 1 1/I8. /8.

I I Itine contant I I I I I
ITz I TZ I s JGolgi tenon orgm IG(1,7,8) 1 0.0 1 0.1 I 0.0 I 0.0
I I I Itime constant I I I I I
ITp 1 ' I s IGolgi tedn organ IG(1,7,8) 1 0.0 I 0.1 I 0.0 I 0.0
I I ______ I Ilag tie constant I I I I I

*ources Le lnd: Measured (e.g., photo) or specified by situation
Tabulated, cadawr or anthropmtrlc tales
'Fitted, to transfer function data

uesstinate (on basis of ptysical properties)
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TABLE 1. (Concluded)

T 1 1 R ( STADW CASES) I

I I I I
IP~A- I RIRRL UNITS I .LOCATlON I S1RCE* I I I I

ITER I Wf I I Definition I (Refs.) I M4NIMM I MXIMJ I SIIPLT I STDCRW

I IMWE FIXATION(YSllBUL- II

KDE IWE rad IFixati error gain IF (9) 1 1.01 10.0 1 7.0B 1 7.0B 1

IKIE I X Ir tad Fixatin rate in IF (9) 0.01 10.0 10.0 1 0.0
FF-As I

TV I TV IS I Tin !'ay in fixatio I F (9) 1 0.01 0.101 0.045 1 0.045

AMR', I rad/s I seudo Inteqrator" break IG, F(9) I 0.01 0.5 10.3 0.3
I frequency

IKp I P I rad ITarget pursuit gain G (9) I 0.01 1.0 1 0.0 0.0
Sr-"I I (optimal)

KIE I IE I e Psitio gain from I F (9) I 0.0 I 1.0 I 0.67 I 0.67
III I "Vtiblar" sensr I I

, I I I IIulg~i frm .0 .1 0. 0.1
"'Vestibuar" sensor(9

Tc2 I TC2 I I "Vestibular, lag I F, T(9) 1 0.0051 0.015 i o.1 I o. I
_ _I _ _ _ _ _ _ _ _ _ I I

T I s I Ocu1ar S-w Lag ti - 0 I- M .1 O. - o.-

ITIM I I s I Oular Ser'o Lead tine F (9) 0.0101 0.0201 0.0125 0.0125
Iconstant

Ic k qE I I Witc for fast mode i IM 1 0.01 1.0 11.0 1 1.0 1
iIOcular Serko I E')I )
' 1. use II,WI

.I .E = infinity

I Ce  I - I Ocular Seo Dappinq Ratio IF (9) 1 0.21 1.0 10.65 1 0.65 1

we  W I rad/s I Ocular Sero Natural IF (9) I 200.0 1 400.0 1316.23 1 316.23 1

Ifrew"I I

*SoucesLeged:Yeaue (e.g., pMOo) or specified by situation

Tabulated, cadaver or artrqwimrc tables
Fitted, Wo transfer funct ion d ptaZuestirete (an basis of O ical prqevties)
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TABLE 2. PARAMETER FILE STRUCTURE (SHORT FORMAT)

A. Lower Body

MB B KB KS GL

B. Torso

C. Neck

MN IN BNqT N

ON IN LN1

D. Head/Display Viewing

MH IH BHN KHNj CH

E. Arms (Upper then lower)

M2  '2 O 2 L d/L

F. Grip Interface

e6i BI/Kj C,

G. Stick

Bs Ks 5  S S

ec Lc s
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H. Arm Rest

BR KAR BF KF IER ArmR

I. Neuromuscular System

NM Si

Kl Tc Ics

Ka ta %a r

BM KM Be Ke BT K

Kp Tp Ts s

Kg 9 9 T

J. Image Fixation/Vestibulo-Ocu-lar Servo

KDE KRE TV K

KIE KVE TC2

TM TLM QE e w
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APPENDIX B
DEFINITION OF FORCING FUNCTION AND

RESPONSE VARIABLES

TABLE 3 INPUT (FORCING FUNCTION) VARIABLES

MATRIX INPUT COLUMN I UNITS POSITIVE
COLUMN VARIABLE I CODE* I I DIRECTION DEFINITION AND USAGE
NUMBER NAME I

I I Nzp NZP I g I Upward IPlatform acceleration

A I I I
2 1 zp DZP Im I Upward IPlatform deflection

3 Nxp NXP I g I Forward IPlatform acceleration

4 I xp DXP I m I Forward IPlatform deflection

5 B FD I VFD I N I Forward IForce input to stick

I I I I I I1 6 1 Bzp I BYZP m IUpward ISpecial Platform deflection+

1 7 1 Bxp I BXP I m I Forward ISpecial Platform deflection+
I I I I

8 1 NMC I NMC I N I INeuromuscular command within
1 6 1 1 1 I CNS

9 1 TI I TTI I rad I ITest input into fixation errori
II I I I II
~I I I.__________I________ I. I___________ I_______________________________

*Small "b" represents a typed-blank space.

Inertial shoulder (or head) motion
+These are used to get transfer functions of Platform motion
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TABLE 4 OP (RESPN) V IM..ES
T 1I f

IMRIX I RE a I MRo IX I IPSITIGN
IOO.LH I VAIABLE MUM UNITS ODIRCTION DEFINITION 40 USA

I1 c I p o II' I o~I I I I , ,I
I i C ( m or N Forwar Stick output Nos used to scale as force)

2 I fca FCA N Forwad an Interfa force at stick grip
.1 1 stick

3 zj l m I Upward Vertical shoulder deflection relative to
I platform (zs-z)

4 te Olrl ra Pitc up Low am angle

5 A a  DlTA rad Pitd p Low arm angle

6 fV FIY rai Up an Vertical interf force at elbow

7 F4M N Muffle I N !d II foroe reF&en to
Law am c.g.

8 L LI I N Forwanrd Grip interfae deflection (stick to
9 lowe ann)

9 fx FIX N Forward on Horizontal interface force at elbow
Up amera

10 I m p4 I m I Intenal state in muscleode Il

11 fns F6 N Forward on Horizontal interface force & shoulde/
Ipper am upp "aw

f12 fvs Fl N Up on pper Vertical inea force at shoulder/
arn upWam

13 I I XS m I Forwad Horizontal shoulder deflection relative
to Platform (s-p)

14 ACT MT rad Pitch tp Torso rotation

15 fI FNH N Forwardon I Head/neck inteface force

16 AO [1H rad Pitch tp Head rotation I

17 fj FVH I N Up on head Head/neck terface force I

18 fby FBY N LO on TrsoI Vertical lps/trso interface force

19 FIK FBX N Forward I Hips/torso interface forcehip

*fNoteW ,11 " rqrffefs a tyl-blat space.
41fte: A5 (Colum 4) newi small signal Peturbation Of 01 given in fig. 3
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TALE 4 (Continued)

IMATRIX I RESON I VATRIX I I POSITIV I
IWDLM I VARIABLE I 'DUM I UNITS I DIRECTION I CEFINITION AND USGE
INU I N I M0E* I

20 uIp LSP m p the seat Internal state in hip md l
btk

1 21 1 t UP m LP the seat Hip deflecio relativ t

bec platfom (paallel to seat-
back)

22 x I m Intenal state in nmscle

23 AO DT rad Pitch up Nock rotation

24 fnN FNN N Forward on Nck/torso horizontal inter-
neck face force

25 fN FY N Up an nedc NIck/torso vertical inter-
face force

2 M I dog Up relativ Head point of- Regard relative
to display to a disla on the platform

1 271 Aa IWA I N I IJle IJ del cN mwi1 out of
spinal cord

2B I FA I gA I N I Cammnd force out of force
activation dynamics I

29 faa FM N Internal state in force activa-
tion

1 301 Ag lA I N I OAput of glgi tendon orgn
sensors

31 Ar IC I N I Spinal card cmwmd

32 AE  kW I N I Eror bebeen nerauscular
coImId and priprioceptie
stidc force

331 xsp I XT I m I MK le length ch&a sensed
byspindle nodl

34 Arn DON m Relative noml deflecton o
am andI rest

35 Art CRT m Relative mntial deflec-
tion of arm and rest

361 A h  I DH I m I Vertical conet of head
notion relative to platfo m

*Note: Stll rqrueits a typed-blank space.
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T

TABLE 4 (Concluded)

I MATRIX RESPONSEI MATRIX I I POSITIVE I
I COLUMN I VARIABLEI COLUMN I UNITS I DIRECTION DEFINITION AND USAGE I
NUMBER NAME CODE* I

37 Acl ACII rad Output of compensatory action in
eye fixation loop

38 AE1 AEI rad Output of "Pseudo Integrator"

39 IMC TMC rad Command to Ocular Servo

40 AV  bAV r/s Head up Output of "Vestibular" Sensor

41 0EH TEH rad Up Eye rotation relative to head

42 IM1 TM1 rad Internal node in Ocular Servo

43 1 THI rad Up Fixation error

44 RED RED m I Eye up rel.I Relative eyem point of regard ati
I to display display

45 I 17C TTC rad Output of "Image Pursuit" opera-I
tion

1 46 1 ZT I PZT I m I Up Display inertial displacement
I I I (vertical)

47 6E  THE I rad Up Inertial eye rotation

48 I xh DXH m Forward Horizontal component of head
motion relative to platform

*Note: Small "if" represents a typed-blank space.

48

mi



APPENDIX C

EQUATIONS OF MOTION

(sin e.)c - xs- L,(oa),+ L(sina)t6 - L1 (-cOsE 1j) Bv-

2 if CKS j if CKS 0

+Bs+ K's) - z- M2 csc22 c/y~

+ (sinE0C)Lca + (coseC)Li y - M2(coseC)(sinIJj)s L,

-M2Id(cosec)(cose8)s
26qa + (cosec)(BA~s + A)6n

+ (CosaeC)(BFS + KF)(t6t)

- - /g + M2 cosec)az -sx/g an - F

if C

AZ + L1 (sine1 )6O1 + L2(cosaa)tb6a + Lj(sinejj) + ZeC) 0

I iS 2 + (LdMlg + LlM~g - Li1Favo )Cosa, 6el - L1.(sine 1)fl y

+ tb(cose1l)fl x+ Ia(COSE1J)fns + LA(Bie 1)fvs - SiLapM - 0

NOTE: Fav0  = ArWR (Ml + M2 )9 6 e=90+ el-OEJ

Asp = gNzp + 82,mp+ BY~ ; = gNt + 2 (A&xp + Bxp)
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( + 2 O20 2 + (Favo - Mg) Lesinea 4a Le I(sinea) fl

- L2(COSEa) f 1y - Ld sinoa) fca

- (Le - LR+ Ldco 2 Ea) (B4 s + KR r

- (Ldsineacosea)(BFs + KF)t rT

+ I2(cOs~a7(coSOc)s c + Ld(cosea)M2(sifleIj)sL dcS)Mz

K8 c

+1 y vs M1s
2

1 - MiLa(sinOiOS2 4O =Ml azp

8 I(coseIJ)fc + {CI(sinej)%82 + B1E/K1 + 1 L

+ Cj(sinE1) j(cosea)M2Lds2'!ea

if C 0

c c1(sinei9)(cOsE~c)M 2 8
2& c 1(sinE1jj)fl

K8 c

+ CI(slw~-j) [- (BFS~ + KF)(sinea)6t)

=C 1(sine~j)M2azp

+ c (sine1 j) [-(BAs + KA)(cos8 )
2 Vn]

9 fC-0 +M2(cosB 2')s LI - I(M2Ldsinea) s + F, 0 ea

+ fl - co- (BFB + KF)(cosea) 6t + (B A s + KpjR)(sifl~a)L*n MP -
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11 fns- f - M1s2x8  - MiLa(cOBG)S2
41i = l x

12 f + f N- f y+ M(cosOL)B2 rbP - MTJLT(sinOT) 2 ZST = -

13 xs+ (sinOL)Ubp + (LrcosOT + L6cose)6eT =B X

14
[LTs 2 + (BTB + BNT)s + KTB + KNT- WE] A8,T - (BNs + N)

-(LscosEs)fns - LTN(cosOT~n - Ls(sinos)fvs

- LTN(sifl&TN)fVN + I~oO~b

- If(sinOT9fby + SiLaFM = 0

WE T ]cos@T[(MH{ + MN + MT+ Ml + M2)g Fav0]

+ LSCOSeSf(M1 + M2)9 - Fav0] + ITNcOs9rN(1M + MN)9

fnh + MH(sineL) s2 krp + MH(,coe + LTcoseq~TN 2G

+ MHLNj(cosON)s2AON + MH{Ii(cosG1 )s
2 0H MHaxp

16 UI0
[Hs2 + BH~s - M~Igf{COSei)C H + KHM)4H + FA

-(BHNCHs + KHR)AEaN - CHIfl(siflo)fvh - CHLH(cOBH)fnh~ 0

17
-vt MH(coseL )s2ub p + MH(TsinoT + ITsinft)s 2At

+ MffLN(sinoN)s 2 A%6 + MHPH(sine1)s6H MHftzp



18 (cas@L)fbY. + (BBs + KB)u5 + (tsin6L)fbx + MB8 2 %p, MB(sinOL)axp

-MB(coBGL)az, 3
19

fl+ fN+ fns8 - KTTcos8T)s 2AT~ - 14(sinEL )8 2ulbp = - 4raxp

20 (BBS K+ KB + 5 b
KBS Upb

21
(coseL)ubp - (IjrsinoT + Lssines)t - A = 0- Bz

23
[INS2 + BUYs + KjqrT - (M~gLn + M~gLq, )cos ON ]t

- i1(sinar)fV - LN l(cosON)fnN - U(LN - kll~finfN + LHSiflGH] fvhl

- LHOSe + (tIN - LrN1)COBON]frh + IIHS 2 - ?M{gLHCOBE)H]60

-(BNTS + KT'S = 0

24 njq- fh+ MNq(sineL)s 2 ubp + MN(ITCOSBT + I,1fcOSOrpN)s 2 AO

+ MA(LllcosgN)s 2
AeN = lMiaxp

-V fvh - MN(coseL)8% +~isn

+ Mlq(ILNsinN)s 2 6eN =~ z
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NEUROMLISCULAR MODEL EQUATIONRS

7
Fm +(Bs + T)La(A4) -(BTs +KT)xm = 0

10
F+ (Bes + Ke)xfn - (BeS + Ke)xl = 0

22 FM- (Bms + KM)La(AE)) + (BMs + Kxl+ FA = 0

if NM =0

if NM =0

27
(Tpss + 1 )(Aa + A 9 - Ac) - Ksp(Tsps + 1 )(Tsss + 1 )xsp 0

28
(T as + 2)FA + Ka(Tas -2)Faa =0

29 EL 2 s.~F~ a

This set to 1.0
i f w = 0

if NM =0

30 (T ps + 1)A 9 + Kg(Tgs +1)(Tzs + i)EFi 0

31 (Ts + 2)(Tes + I )Ac + Kic(TcsS - 2)AE 0
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3 2

NM =0

cos c - llcffa + (M2Ldcos~acoOs )t5a -CSely

+ (Mn-sine ijcoso, s )LI - (BARcoseacosees + KpiRcOseacOseCdwn

-(BFsinoacosocs + KFsineacospc)t6rt + AE

=M 2 cosO~azp + NMC

NM =1

AE + RHDl/VD =NMC

33 xp+l~t x

26 [Tsin(OT - ()V) + IT~sin(oTN - O)AT- VD H - cos(E)L -O)ubp

+ LNsin((ON - OV)- N + RHD = BzpCOSo B XP inev

34 i ~

35 if C/ 0

Art(G - c + LICoS(Oa - 0,J) =0
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36 AZH + (IrsilOT + LTrNsifOTN)4GT

-(cosoL)ubp + (LsinON)LBN =BZF

37 (2 + vsA,+ (r.Ts - 2)(KREs + K1DE)OI =0

38 (s + )AE + Ac +KJAV 0

39 ()MC -OTC -AEI +KVEAV 0

~40 (Tc2s + 1)AV-iH 0

~41 REO = eEH E)M,

+ -.. s + 2

e- 0

4~2 (1 + TEMs)OMi - (1 +- TLs)eM 0

VED

44 rILsin(OT - O)+ ITNB'n(emN - -V36T De

-ubpcOS(GL - OV) beN6~inSf(6)N - -)V 4.)H E

=Bz COBGV - Bxpsil6V

p
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OT C LD 0

46 Z D AZ

OE7 4H -HOGH = 0

Ajqh + (sineL)ubp + (I.~cosT + TNcOSGTN)AT + LN(cose1N)L
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AFFENDI'X D

Th5HAIK EXANFLN PROM"

This appendix documents the use of CREATE, BIODYN and PLOT on the

Tymahare System 31 PDP 10.* The computer dialog appears on the next

several pages for a typical session. An existing PARAMETER file is

wdified, a CHOICES file is created, BIODYN generates the requested

transfer functions (only one of which is illustrated), and PLOT produces

a quick-look Bode plot. Throughout the dialog, all user inputs/ respon-ses are underlined. The following 6 character filenames are accessed in

the course of this example (these are not the Standard Pilot and Stan-

dard Crewman which are available on Tymehare):

File Name Title

Existing PARAMETER file: BB19 "Stiff Stick"

Modified PARAMETER file: SEMI "Semi-Supine"

CHOICES file: CHOSAR

TF file: TAPE19

There are several differences between the CDC version of the BIODYN-

80 package and its Tymshare counterpart. These are listed below:

0 All three programs run interactively on Tymshare; all

files are specified by the user during execution.

* CHOICES filename can be an existing file, whose name
is to be modified. (In CDC, the CHOICES filename
must be a new name.)

*A user planning to use BIODYN-80 on Tymshare should be familiar
with the Tymahare manual, XEXEC, especially Section 3. At present,
BIODYN-80 is not a current Tymshare Library Program, and a potential
user should contact the second author for the required procedures.
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0 Because of the above differences, there are slight
changes in the dialog for the Tymshare version (e.g.,
the NEW PARAMETER FILE? query is not used, since the
PDP-10 software canl determine Internally whether or
not a new filename has been input).
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D.1 Running CREATE

Execute CREATE
t Vot' I NC

'XI CIIT ION

Interactive input of
I J,,I I-ARAMETER FILENAME PARAMEER file to be

modified
LISTING DE'IRC[D'

(LO'NG OR SC'3NORT LISTING'?

PARAMETERS FOR:

,TZFF SFICK

LOFR BODY

1 1.000 1290.1 :!9595. ,?• 13.000 9.8000
TORSO

18.000 0.80000 ,. 70 500. 00

10." l300 0. 13 000 3_0 00 0. 30000 :-.000 0.30000
NEC

0.0)000 0.00000 0. 2"000 50.000

-20.5-0 0.10000 0.70000E 01
EA, D ISFLAY VIEWING,

.o 39000' -,o 0. 0000" 1( 0.000 Generate short listing
70 • 0OO 0. 00000 -O.00 •7'0 -

AR0 (UF R, L0W00 of file to modify
1. 3730 0,1 2,00[ -01 10.000 0. )90 0 0 1000

1.017 ) '.V1.'OOE 1,.00 0.30500 0.'30000
51,11' I'JF1 RFrtiF

0.,000 ' ).I ,) F -01 0.,'79 1E -01
..T 11:I1
,3 1•0 00 2.)03 3700. 1.0000 0.00000 0.00000

90. 00., 0. 100 1 3900.
ARM F! 3

1,(,.00 0. '003 0.000 0.00000 0.00000 0.00000

)UR "CNI r~t,' , (,TFM
" '1.40

.',K3'11r-01 .. 009E-01 0.9888E-0l
1, OO~o ':0000 0 • .000 0.00000

.00 ),' • ",00 1.431 40.000 0.00000 80.000

,. O00 0.> (900" -01 0,",000 0..,00,0
'). '1,C2•0 ",56F-01 0.00000 0. 00000

IMAGF ; TXATT0/VFOI IdlI 0-I. i ( ;ERV
2.0.'.", 0. "K00 ' V,0E-01 . 0000 '..000)00
,)./700', 0. Y000 0. W,'00E 01

1.13' , ). : .,OE -( I I .u10 O ,'. 000.
Y r (-r,F 'F>". IFIt "'

[t'F ltT MOFMO)NIF '1 )ND VNAI I', 1 1 FMFl ', H CII,'VitE,

r-) "XIT, TYFF 'XX. Make changes to file
nill .*,. ,.

(continued on next page)
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D.O (Continued)

___,_________,_ Modify title for
PARAMETER file

• ,'CO., -0 1 ,J

i )' I moH 'if ed ISf Iile

I. ) .9 '0 ,7 t' ".•"000 000,3)
0CC . Q0c

T

,'.'o,)0•, 3,;
- " , .I( .. . (',0'. ,1 -01

.C'* ± 0) .:,0 1.,00" ,:.cooo Short listing of

I - ' •OO O•F' -0 5). 000 O, 0.0000

04, C', ': .00 0 30 modified file
-'1 .--)000 0.29000 0. l'"

.) , .I . ', 0 'A.' ('R ,,,,

,*.''} "1. 0 .0000 0.00000 ,.0,.0,

1 11 01 1 • ,." W 0 67*:o' 0 '0 • 0 1:..000 I.3. input

.1 ' t -" 1 F H.0 0 0 0 50.n0o w'

'. ' ,,)<, d * I JbO'
'
C 0I 0, 30000 O. 00000

.. C ,, ... ,, ).0 A.tl 00 i,:.. Interactive input
: : * ' , ,q , :,'j: FHlL : } _ __ _ _ _ __ _ _ of filename on which

to store modified
PARAMETER file

(Continued on next page)
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D.1 (Concluded)

INPUT CHOICES FILENAME __ _ _Interactive input of
CHOICES filename

IODYN TFS DESIRED FOR PIVIB N
No~fNo PIV2B TF's desired

TRANSFER FUNCTION 1INPUT
FIRST LINE-RESPONSE MNEMONIC, FORCING FUNCTION MNEMONIC

(AAA,AAA) ; ENTEF: XXX TO STOP
SECOND LINE-PLOTTING INFORMATION, :5 ITEMS

BODE LOWER FREO. LIMIT Format for CHOICES file
i:OEE UPPER FREQ. LIMIT
BODE UFPER PHASE LIMIT (0. DEFAULTS TO 200.) information input
BODE LOWER PHASE LIMIT (0. DEFAULTS TO -400.)

LISF 1I. TO LIST TABLE, 0. FOR NO LIST)
IF AU PLOT DESIRED, ENTER 0. FOR ALL ITEMSC NZF'

I.,1O0.,0.,O.,0.

_____ _ -Input CHOICES file1.-100- 0.,0.-0.

1.100., information
I.,100.,0.,0.,1.

EXIT - Exit CREATE
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D.2 Running BIODYN

EXE PtN80,NRFN
L7-ADTNn Execute BIODYN
Ext CUT ION

ENTER INpUtr FILE NAME: SEMI Interactive input of
PARAMETER and CHOICES

ENIIR CHOICES FILE NAME: CHOSAR files

I I-Ma r - BIODYN execution

,7OSE : !;FM I -%1P I NF Case title

NTUR SYSTEM OIJTPUTS F IL C NA ME'' T01120 Interactive input of
NFW FILE

TF file
F (lOTINF, INIIIRFI OW Fr, 1 124 ,

FLOATING UNERFLOW FC -111' '4.

DENOfMINATOR:

.10444E-26
16.591 ) ( 46.384 ) C 56.079 ) C 97.7,12
100.00 ) ( 285.86 ) C 353.22 
.44231 8.3929 3.7123 7.5273
S25697 ,11.309 2.9060 10.929
S.20726 13.642 2.8274 13.346
19865 24.860 4.9386 24.365

.32015 32.898 10.532 31.167
S.85789 32.931 28.251 16.921
S.19448 57.685 v11.219 56.583

S.65024 316.83 206.02 :240.70
• 18027E+ 11 :

Printout of DTH/DZP

NUMERArOR: ,TH/[,ZF' transfer function

.29296E-27 .28049
.20000 1 < .00000 ( -10.621 1 C 26.590

C 46.1,84 ) C 97.067 1 C 100.00 (-138.2
209.05 2 (See Figure 9 for

<( .44231 , 8.3929 3.7123 ,.,273 e t
C C21617 , 11.488 -2.49J3 tI.'4 explanation oC

C.949R4 *16..C17 16 ob 46 ". 151o 6 format)
< .l1t;130 , 33. 6L,3 28.232 t/. 100 )
CC .20646 * , 51.410 11.440 1,4.2r, 1 )

S.6',024 , 16.13 206.02 240. -0 0 C
S.A654 , 336.66 325.41 1.22 )
6 /996FKf8< •37719E 02

rRu =12j.3i 11-tt r-80 11:8

EXIT _ - Exit BIODYN
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D.O Running PLOT

LO (-F .T,C Ii:U,C10[ITF' Execute PLOT

F,.FUrIfN Interactive entry
ENrER TRFN SYSTEM FILE NAME: TAFE20 of TF file

,I ,F 11--Mar-
0  

11:53 Case title

L: "ZFF Dump of TF file

Z tEZF contents
ITH,',ZF'

TAP'E 10 PLOT execution

M..MF I -M, RO( 1 :3
m I "Of 111 !:

I T1/D, zP Transfer function DTH/DZP

IP;T 1,iE, , t , ' i CoNCE, LD' Identical roots in numera-

1 .c,)00 tor and denominator are

H. [,TDF: IFOLLi C:,NCTL,. [E cancelled; close pairs are

1 . 900 , .E94;oo retained
1 1.-s.3100

."000 10 2

• ~ ~ ~ - is.'2 S,?) '09 Of', },$

• . 0I¢DtO> 00000 1 (- 061 1 l 6.5,9(; )

I I 1 .48 q 2 . 41? 1 . 14 )

A. 1_ 3 2812K. , 17.400

4 .0 40 '1.2L6 Transfer function to
.. ,. e'z be plotted (see

, Wi , 01': Figure 11 for explana-

0' 1 2.j. 86 ) tion of format)
, 35 y), :yt 10 :129. ,

0 67 2 '8"1274 I3346 )
( '.1V:: ' .!60 ' 4.9S 4 " .:6 C )

((~~~~~~ ... 30,6 ,' .2 9 I., 365.i/ )

. 6 1 ' 16. I )

' I .'11 , ,7 61 , II 2 ',* t6. 3 )

/ ,I'; 0,'

(Continued on next page)
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D.3 (Continued)

TAFF20

M.• I MF' I1I -Ma r -80 11] :7,3

SEMI SUPINE

[IT$.,ZF Bode plot of DTH/DZP
[i$$

XXX = MAGNITUDE (E'B) - Q is the magnitude
curve

40. 20. 0. -20. -40. -60. -80.

HZ R/S •

100. X 0
x 0

X 0

71. X 0
10. ----- 03

X 0
50." X 0

X 0

40..: X 0
X 0

53 .. X 0
28.', X0

X 0
X a

20. X 0

14. x 0 Frequencies which are

2- 0 x denoted as hertz (HZ)0 A

10. 0 x or radians/second
0 X (R/s) are exact at

7.1 X 
-

I. 0- o x ando A n
5.0 0 X >

0 X

0.5 ----- 0 X

2.8 0 X
0 X
0 x

2.0 a x
U| X

1.4 0 X
0.2-.... 0 X

0 X
1.0 0 x

"Z R/S.

200. LO0. 0. -100. 200. -300. 400.

S000 is the phase
0)00 FHASiE 4141;) curve

(Continued on next page)
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D.3 (Concluded)

T ,%q 0

F 11 -11,r-
8
O 11 :53

CI! -S UFINE ET E TH/Z* Listing of frequency (rad/sec),

V$,* amplitude (dB) and phase (deg)

DB G at 20 evenly-spaced increments
per decade for DTH/V3P

1.00 -48.34 175.9:12 -46:31 175:4

1.2 -44.27 174 9 (This listing is only generated

1. -40.15 173. if XL = 1.0 in the CHOICES file

2.08 -38.07 172.8 for this transfer function)
*.00 -35.96 171 .9

.24 -73. 83 170.8

2.51 -31.67 169.7

2.82 -29.46 168.4

3.1. -27.20 167.0

3.55 -24.88 165.3
3.98 -22.48 163.4

4.47 -19.97 161.2

5.01 -17.34 158.6

7'.62 -14.56 155.5

,.31 -11.58 151.7

7.08 -8.58 147.1
7.94 -4.91 [41.1

3.91 -1 .17 133.2

10.0 7.85 122.9

11.22 2.30 110.0

12. ;9 12.34 89.2

14.13 16.49 S6.6

5. U 14.74' 24.4

17.77 20.72 -1.7
19. 9 23.31 27.3

''9 .34 -50.1

28.34 -104.6

13 2 ' -150.8

s 2 '6.04 -139.7

3s.18 :3.40 -221.9
,. '1 0_18 -246.8

• ' 17.12 -264.3
C. !4 .43 -275.8

' 2. I '0 -285.8

S' 1 ! ).82 299.4
79 .9 -311.4

.13 37 -320.3
Y.13 1. 35 -3.7.3

'00.0 2.1 -333.2

: ,f Exit PLOT
4
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A, PPEIX E

IUUcoK EIAMUI PUOUInM

This appendix presents a typical terminal session in the Intercom

4.7 operating system, accessing the CSA mainframe at Wright-Patterson

AFB's ASD Computer Center. The dialog is annotated so that a typical

user will easily understand the basic sequences of parameter entry and

Job steps. All user responses are underlined; each is terminated by a

carriage return.

This particular session was an exercise using a 9 cm viewing dis-

tance and the standard crewman (STDCRW) parameter set. It was one of a

series of runs which attempted to determine optimal display distance for

minimizing image motion of a vertically vibrating crewman. The example

is carried far enough for the potential user to see how the programs

interface with INTERCOM job control and file management commands.

The steps followed in the investigation are listed below:

1) Log in to Intercom.

2) Attach the PARAMETER file to be modified and name
it TAPE20.

3) Attach the CREATE program, called EXECRT.

4) Run EXECRT, make changes to existing file, assem-
ble new CHOICES file.

5) Assemble batch job to run BIODYN and PLOT, using
the two PARAMETER file (old and modified) and the
new CHOICES file.

6) Submit batch job to input queue.

7) When job completed, list the output file.

The user is advised to retain in his permanent files only those which he

wishes to use in the future, and to frequently purge his directory of

unneeded parameter and output files in order to forestall job failures

resulting from file space overload.
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Typical INTERCOM Terminal Session

user responses underlined

ASD COMPUTER CENTER 1NrERCOM 5.0
SYSTEM CSA

*DATE 05/20/80 TIMF 14.46.39.

PLEASE LOGIN

ENTER 3-DIGIT TFRMINAL TD- 1. Log in to INTERCOM

05/20/80 LOGGED IN AT 14.46.,2.
WITH USI-111[ CK

EQUIP/F-FORT 1 2/001

COMMAND- REOUESTTAPE7,*FF )

COMMAND- REOUEST,TAFE**PF 2. Attach files to I/0 units

COMMAND- ATTACH,TAFE20,STDCRW

PF CYCLE NO. z 001

COMMAND- ArTACHEX-CRT

PFN IS 3. Attach EXECRT(CREATE) program file
EXECRT
PF CYCLE NO. - 001

COMMAND,- FXECRT - 4. Execute EXECRT program module

NEW FILE 1 5. Select existing data file (STDCRW)
NO

LISTING r'EIRF [6. List data file
YE
"- (LO)NG DR (SH)ORr LrSTrOG'+ ----- 7. Program rejects unrecognizable
L I Input

- (LO)NG OR (SHIORT Iriir1Nw' _ 8. Long listing option selected
LO oto

NEW CHO[CES PILE ". 9. Affirmative on CHOICES option
YE

IODYN rFS DESIRED FOr, I r 'i+_ 10. Negative on PIVIB option
NOA

TRANSFER FUNCIION INFUT :

FIRST LINE-RESFONSE MNEMfN [A', I 4,NO FUNCTION [INEM( ONI
(AAAAAA) ; ENTER XXX TO S0i1:

SECOND LINE-PIOTTTNG INFORMATILN, s Ims
BODE LOWFER FRE . LIMIT
BODE UFPER FRED. LIMIT
BODE UFFFR FHASE LIMIT (0. DEFAULTS ro z00.)

BODE LUWLR PHASE LI[MIT (0. DFFAII.TS 1 -400.,

L 3T (i. ro LIST rABLE, O. FOR NO L IST)

IF NO RIOT rESTRErD ENTER 0. FOR ALL TF r r 
,

RHF ,DZF
77 No r PFF-F<M[ssI-E, P-V FASF RF rNFI_ 1ii. Illegal parameter selected

0HF 1.12. Program screens for out-of-limit

MAX FRE, ; FNIY INGF IS 3 DFIo values
PLEA.SE V Hf 'II 1 1 N'T IRE L- I NV

11,, Exit orom., EA, 13. Finally, valid inputS TOP 14. Exit from CREATE

• ' CO'- NoiS I/E ,IIt[ON w TiF

Session continues with batch run
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Sample INteRCCM Batch run

COMMAND- EDITOR I. Invoke INTERCOM editor

S.CREATEPS

ENTER LINES
SAR, C150000,S CSA. L800015,RIEDEL,(21D)679-2281
ATTACH,TAPE7, CHOICE1•

TEW?,
ATTACHEXEDIO. 2. Create batch
ATTACH, EXEPLT.
E:EB'O ( TF'E4 , OUJ rPUT, TAPE7, TAPES, TAPE19, TAPE21). job stream
REWIND,TAPEi9.

EXEPLT(QUTFUT, TAF'E19).

..SAVE,GOFILENOSEQ )
* .STOAE,G0]FtLEL O0015 3. Preserve file containing

CT Ir'= L800015 PFNGOFILE Job stream

CT CY= 001 00000128 WORDS.:

COiANAi- BfATCH,6OFILE, INFUTHERE 4 . Batch Job stream to
input queue

COMMAND- FILES

--LOCAL FILES--
AEXECRT *COVILE $INPUT $bUTPUT *TAPE7
*TAPE3 4 TA PE 2 0

-- RErIOTE EXECIJTING JOBS--
SARCK02

COM0rit'-
rA:C ..• TEL"* TFRKINATED
TA' K _-Xi; WIT OUTSTAODING 10

T-'. _ 10664 5 Job terminated by system

FP9 170000 crash
RO-:,,03770

Note: Output files generated by BIOYN, wnen listed,
are identical in format to printouts shown in
Appendix D.
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